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ABSTRACT 
 
The threatened Florida manatee (Trichechus manatus latirostris) migrates seasonally to 
warm-water refugia throughout the state of Florida due to metabolic requirements from 
low thermal conductance. Broward County’s two power plant refugia, Port Everglades 
(PEP) and Lauderdale (LPP), are known heavily-utilized aggregation sites for the 
Atlantic sub-population. Broward County collected relative abundance counts via aerial 
surveys from 2004–2013 siting 31,418 manatees during 169 surveys within 18 defined 
waterway zones. Counts during manatee wintering seasons were significantly different 
from January 2005-March 2008 and November 2008-March 2013, likely related to flight 
path and frequency standardization.  Mean percentage of adults (90.12%) to calves 
(9.88%) demonstrates a higher usage by cow-calf pairs than other aggregation sites. 
Counts of manatees traveling south to Miami-Dade County comprised only 0.83% of all 
aerial counts, contrary to the theory of the extensive usage of Biscayne Bay foraging 
grounds. The LPP zone had 57.21% of all manatees with Port Everglades Inlet zone 
accounting for 23.88% and the South Fork New River zone with 5.95%. This study 
provided a baseline for pre-construction distributions prior to Port Everglades plant 
reenergization. With PEP construction now finished and LPP planned for reenergization 
in the next 10 years, monitoring data studies be compared to these baseline data to better 
assess the impact of the disruption of Broward County’s main refugia sources.  
 
 
 
Keywords: Florida Manatee, Trichechus manatus latirostris, Power Plant, Broward 
County, Aerial Survey, Warm Water Refugia, FPL, Temporal Distribution 
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INTRODUCTION 
 
Florida Manatee: 
 
The Florida manatee (Trichechus manatus latirostris) is a subspecies of the West 
Indian manatee ranging throughout the southeastern coastal waters of the United States.  
The coastal and inland distributions of the Florida manatee are defined by temperature-
limited ranges, especially during winter months (Kochman et al., 1985).  Coastal and 
inland Florida and coastal Georgia habitats are preferred during winter months, while 
summer migrations occur northward, with some recorded sightings extending up into the 
northeastern United States coast (Lefebvre et al., 2001).   
Coastal habitat usage of manatees allows for access to warm inland waters, 
whether from artificial heated discharge into canals by power generation plants, passive 
thermal basins, or natural springs flowing into bays, estuaries, and rivers.  Out of the 
manatee subpopulation that utilizes the eastern Atlantic coast of Florida, 66.6% primarily 
rely on power plants (Laist et al., 2013).  Broward County has developed into an area of 
heavy manatee reliance on anthropogenic power plant structures and densely connected 
residential canal systems, with one of the highest winter site fidelities within the state 
(Reynolds and Wilcox, 1986; Reid et al., 1991; Deutsch et al., 2003).  In Broward 
County, two power plants supply warm water access to manatees throughout the year.  
Specifically, the Florida Power & Light (FPL) Port Everglades Power Plant (PEP) and 
the FPL Lauderdale Power Plant (LPP) take in water from canal systems in Broward 
County to cool their heated turbines and discharge the heated water into canals with 
manatee access.   
Florida manatees received several federal protections when they were formally 
listed on the Endangered Species Protection Act of 1967 by the U.S. Fish and Wildlife 
Service, protected under the Marine Mammal Protection Act of 1972, further protected 
by the Endangered Species Act of 1973, and received Critical Habitat determination in 
1976. Lastly, manatees received State protection in the Florida Manatee Sanctuary Act of 
1978. The impetus for these listings was largely due to habitat destruction and human 
interactions through recreational activities, such as boating (Bledsoe et. al, 2006). To 
ensure a robust estimation of Florida manatee abundances, the metrics of total counts, 
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population subsets, and trends have been consistently utilized since the 1970s (Provancha 
and Provancha, 1988; Reynolds and Wilcox, 1994; Craig and Reynolds, 2004).  Of these 
metrics, aerial surveys have abundantly provided opportunistic perspectives of manatee 
numbers throughout waterways in the state of Florida.    
Manatees can temporarily sustain an increased metabolic output of body heat 
through decreased vascular supply to extremities, tucking flippers against the chest, and 
peripheral vasoconstriction once water temperature reaches 20°C (Irvine, 1983; Worthy 
et al., 2000).  However, due to a combination of high thermal conductance and low 
metabolic rate, manatees are not capable of sustaining body temperatures high enough to 
withstand long durations within cold waters.  Continuous exposure to water temperature 
below 18°C results in successive physiological and pathological conditions making 
manatees susceptible to Cold Stress Syndrome (CSS) (Halvorsen and Keith, 2008).  CSS 
is a complex process of diseases impacting metabolic, nutritional, and immunologic 
pathways in manatees, which increases the susceptibility for secondary diseases and even 
death brought about by short-term and long-term exposure to cold water temperatures 
(Bossart et al., 2002).  When water temperatures fall below 18°C, manatees therefore 
seek warm-water refugia to offset thermal stress (O’Shea, 1994; Craig et al., 1997; Laist 
and Reynolds, 2005; Gannon et al., 2007).  During wintering months, manatees 
congregate in warm-water refugia throughout Florida waters; during summer months, 
when waters are broadly warmer throughout their range, manatees have reduced numbers 
in winter aggregation locations (Irvine and Campbell, 1978).  Occurrence at warm-water 
refugia has been shown to depend primarily on water temperature and secondarily on air 
temperature (Buckingham et al., 1999).   
Seasonal migrations of manatees to Broward County for warm-water refugium 
sites have been well established, with further support from technological advances in 
satellite-based electronic tracking.  Electronically tagged individuals, conducting 
migrations between a northerly warm-season range and a southerly winter range, swam a 
median of 280 km and a maximum distance of 830 km to reach Broward County (Reid et 
al., 1991; Deutsch et al., 2003).  In addition, 89% of individual manatees that spent 
summers in the central east coast of Florida traveled from Brevard County to Broward 
County, approximately 500 km, for the winter.  Similarly, 12% of manatees that spend 
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summers in the northern east coast from the lower St. Johns River, southeast Georgia, or 
locations even further north, traveled a distance of at least 700 m to Broward County 
(Deutsch et al., 2003).  Annual migrations of over 600 km from Jacksonville to Broward 
County have also been documented (Rathbun et al., 1983; Reid et al., 1991).    
Annual manatee counts have shown significant numbers of individuals traveling 
to Broward County.  The synoptic annual survey of 2010 resulted in a count of 2,780 
manatees in the Florida east coast population and 5,077 state-wide.  The concurring 
Broward County manatee aerial survey on January 14, 2010 counted 813 manatees 
(29.24% of the estimated east coast population and 16.01% of the whole species’ 
population) (Table 1).  The highest recorded manatee count occurred on January 17, 2012 
with 1,207 manatees in Broward County waterways (Figure 1).   
 
Study Site: 
 
Broward County has an extensive canal system, constructed for both residential 
and commercial usage, dating back to 1915 (Broward County, 2007).  This system 
currently encompasses 354 km of waterways, both providing the commercial 
infrastructure to support the marketing slogan of “Yachting Capital of the World” and 
lending credence to Fort Lauderdale’s motto of the “Venice of America” (Broward 
County, 2012).  This canal system was constructed with mainly linear paths and 90° 
corners, and all are lined with human-made shoreline stabilizing infrastructure (e.g., 
riprap or seawall).  Historical freshwater inputs continue from Cypress Creek and the 
Middle and New Rivers.  Ocean access and tidal influx enter the canal system from the 
Hillsboro and Port Everglades Inlets (separated by 19.3 km) and the north and south 
continuations of the Intracoastal Waterway (ICW) out of Broward County.  
Monitoring efforts began in Broward County well after the establishment of 
federal, state, and county regulations to protect manatees.  Protection speed zones were 
created with zone signage posted throughout the county by 1994 (Broward County, 
2012), for example, and the New River and the Dania Cut-Off Canal (DCC) were first to 
have year-round speed zones.  The Governor of Florida approved additional protections 
for the ICW throughout the state in 1993, which also designated year-round speed zones 
throughout Broward County. 
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The waterways of Broward County were subsequently divided into 18 zones for 
monitoring purposes, numbered from the northern county border to the southern border, 
based on geographical differentiations of each zone and potential manatee access 
(Broward County, 2012) (Appendices A - H).  It should be noted that not all county 
waterways are surveyed or included in the zones.  Surveys were completed along canals 
only up to the eastern boundary of salinity control structures only; while periodic access 
west of these structures occurs for manatees; these waters have historically been excluded 
from monitoring flights mainly due to survey restrictions, including time and monetary 
constraints.  Some of the zones are also only periodically surveyed, mainly due to flight 
constraints, budgetary concerns, and access limitations.  These zones are: 
 
1. Hillsboro Canal – the western boundary at the G56 salinity control structure 
eastwards to the ICW edge (Appendix A). 
2. Hillsboro River – the northern boundary of the county line within the ICW south 
along the ICW to 1,000 ft. north of Sample Road, including all westward canals 
along the ICW (Appendix A). 
3. Hillsboro Inlet – from 1,000 ft. north of Sample Road in the ICW south until 
Atlantic Boulevard, including all finger canals to the west and the Inlet itself 
(Appendix A). 
4. Cypress Creek Area – comprised of the Pompano Canal from the G57 structure 
southeast until Federal Hwy Bridge and the Cypress Creek from the S37A 
structure northeast until Federal Hwy Bridge converging with the Pompano Canal, 
including all connecting finger canals (Appendix B). 
5. ICW Central Part A – within the ICW from Atlantic Boulevard through Oakland 
Park Boulevard, including the connection to the Federal Hwy Bridge and all 
connecting finger canals (Appendix B). 
6. ICW Central Part B – within the ICW from Oakland Park Boulevard to the start 
of the Stranahan Canal/River system, including all connecting finger canals 
(Appendix B). 
7. Middle River Area – from the west at the S36 structure, splitting into a north and 
south loop that reconnects at Federal Hwy, and continuing south until meeting the 
ICW (Appendix C). 
8. North Fork New River – from the west at the S33 structure southeast until the 
junction with the South Fork New River, including several finger canals 
(Appendix D). 
9. New River Junction – an oval-shaped loop connecting, from the west, the North 
and South Forks of the New River and, to the east, the ICW, including the 
Himmarshee Canal (Appendix D). 
10. South Fork New River – from the east at the connection with the North Fork and 
New River Junction, west until the G54 structure, including the South New River 
Canal until it meets the DCC and all connecting finger canals (Appendix D).  
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11. Stranahan River and Canals – within the ICW from the ICW Central Part B 
south towards the 17th Street Bridge, including the eastward connections to the 
Middle River and the New River Junction and also all connected finger canals and 
Sylvan and Mayan lakes (Appendix C). 
12. Port Everglades – within the ICW from the 17th Street Bridge south through the 
Port to the DCC and west along the canal to the end of the Port’s property line, 
including the effluent canal of the Port Everglades power plant and the Inlet itself 
(Appendix E). 
13. DCC East – from the east at the Port’s property line westward to Federal Hwy 
Bridge (Appendix F). 
14. DCC Middle/ C-10 Canal – from the east at the Federal Hwy Bridge to SW 30th 
Ave Bridge, including the C-10 Canal and C-10 Spur. The Canal extends south 
until Hollywood Boulevard, including a few of the finger canals, while the Spur 
extends west until the CS22 structure (Appendix F).  
15. DCC West – from the east at the SW 30th Ave Bridge west towards the S13 
structure, including all finger canals to the south (Appendix F). 
16. ICW South – within the ICW from the DCC south to the Miami-Dade County 
border, including two western basins and connecting finger canals (Appendix G). 
17. Lauderdale Power Plant (LPP) – from the effluent canal of the power plant 
connecting to two “lakes” and north to State Road 84 Bridge and the South Fork 
New River (Appendix H). 
18. Atlantic Ocean – the entire Oceanside of the county connecting to the two inlets. 
 
   
Two power plants built by FPL are located within Broward County, one near to 
the Port Everglades Inlet and one inland.  Both plants provide a constant ambient water 
temperature of 20ºC during manatee season to maintain warm-water refugia status and 
manatee access to the effluent canals to prevent deleterious effects of CSS.  
The LPP zone, covering the entirety of the Lauderdale Power Plant (Zone 17), is 
located within the City of Dania Beach and the City of Hollywood Florida, two miles 
west of the Fort Lauderdale-Hollywood International Airport (FLL) and eight miles 
inland from the Atlantic Ocean (Appendix H).  The entirety of Zone 17, 186 acres of 
submerged lands, is deemed a manatee sanctuary under the Florida Manatee Sanctuary 
Act (F.S. 39.2431(2)(g)6), a “no entry zone” for all on-water activity (F.A.C. 68C-
22.010(1)(a)2), and as Manatee Essential Habitat by Broward County (1989 
Comprehensive Plan Vol. 4, 13A-42).   The DCC West borders the southern boundary of 
the plant where the water intake pipe for LPP is stationed.  The LPP effluent runs directly 
into a cooling lake which connects to the South Fork New River (DEP, 2008b; Broward 
County, 2012).  Connecting the lake to the South Fork New River via a single culvert is 
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the Billfish Marina (State Road 84 in Fort Lauderdale), which all manatees must traverse 
through to access the thermal refugium.   
Access to the single culvert entrance of LPP requires traveling one of two ways 
through the South Fork New River. Firstly, through travelling several miles inland from 
the ICW or Port Everglades Inlet by heading north along the ICW to the New River, 
through downtown Fort Lauderdale and canal-lined seawalls, gaining access to the South 
Fork New River. Secondly, from the south along the ICW, through Port Everglades to the 
DCC along mangrove-lined shorelines, marinas, and residential areas.  Increased travel 
time compared to PEP, distance, and human interactions are negatives for gaining access 
to this warm-water area.  Both manatee access paths converge as individuals are required 
to swim through a marina at the entrance to the cooling lakes.  Inside the lakes, the 
effluent is protected by mangrove-lined shores and a large acreage of protected water 
with shallow and deep depths.  
The PEP is located inside Port Everglades Zone 12, adjacent to the east border of 
the FLL airport.  PEP consists of an inlet canal located on the northern border of the plant 
in the boat basin at Port Everglades Slip #3 (Appendix D).  The PEP effluent canal is 
approximately 1,585 meters long and discharges into a waterway which perpendicularly 
intersects with the ICW at the southern edge of Port Everglades (DEP, 2008a).  
The entire length of the canal and adjacent mangrove forest are deemed a manatee 
sanctuary under the Florida Manatee Sanctuary Act (F.S. 39.2431(2)(g)6), a “no entry 
zone” for all on-water activity (F.A.C. 68C-22.010(1)(a)1), and as Manatee Essential 
Habitat (1989 Comprehensive Plan Vol. 4, 13A-42) (Broward County, 2012).  The 
mangrove forest exists along the southern end of the effluent canal and provides year-
round shelter and possible foraging habitat.  Together, the effluent canal and associated 
mangrove forest provides 24 acres of sanctuary habitat.  Manatees were previously 
provided access to freshwater via a hose permanently installed along the effluent canal, 
adding to the benefit in fidelity to this refugium.  In 2015, an upland mangrove 
enhancement project, included as mitigation of the future Port Everglades expansion, 
resulted in the effluent canal’s adjacent uplands receiving 16 acres of newly planted 
mangroves, due to the future removal of eight acres allocated for new cargo berths for the 
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impending Port expansion.  This construction project also removed the freshwater input 
hose.  
The PEP has an easily accessible effluent canal with an adjacent ICW entrance, a 
sheltered mangrove forest, and provided freshwater input through a previously installed 
hose. Above the canal lies two overpass bridges. During this project’s survey years, the 
Manatee Crossing bridge was constructed to expedite truck traffic and reduce travel time 
for drivers. Construction began mid-2010 and finished in June 10, 2011. The Eller Drive 
bridge was reconstructed with completion in early 2015. Negatives for travelling to this 
refugium include noise pollution from two bridge overpasses and general Port operations, 
increased vessel interactions in access points from Port Everglades and ICW, and 
occasional boat traffic from Broward Sherriff’s Office and Florida Fish and Wildlife 
Conservation Commission (FWC) Marine Patrol docks.  
The intake water absorbs heat from the condensers and the warmed water is 
released back into the canal system as effluent at or above ambient temperatures.  At the 
PEP plant, the heated effluent water enters a cooling canal which leads directly into a 
designated and delineated manatee refuge connected to Port Everglades Inlet (Appendix 
D).  At LPP, the heated discharge enters a series of cooling lakes before reaching South 
Fork New River.   
 
Aerial Surveys: 
 
 Counts of manatee groups have been collected by aerial surveying techniques 
since 1967 (Shane, 1983; Craig, 1997; Miller et al., 1998; Edwards et al., 2007).  
Regression-based models have assisted an assessment of the total counts to produce 
minimum population estimates.  Aerial surveys provide unique observations which 
permit the generation of regional manatee population trends (Craig and Reynolds, 2004).  
To endangered species management, aerial surveys allow for wide area coverage for low 
economic costs, while still providing critical data (Edwards et al., 2007).  
 Statewide synoptic aerial surveys have been conducted in Florida since 1991 to 
meet the requirement of F.S. 370.12(4) for an annual scientific population census.  
Synoptic surveys occur over known aggregation sites in 13 counties, but do not comprise 
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all waterways within the state nor all potential habitat.  Surveyed total counts of manatees 
at warm-water aggregation sites are the highest in the days following cold fronts (Barton 
and Reynolds, 2008).  Therefore, synoptic surveys are reliant upon specific statewide 
weather patterns.  Estimates from statewide synoptic surveys maximize count yield, yet 
they also contain unknown variance (Lefebvre et al., 1995).   
Synoptic surveys were not performed during all years of this project. A statewide 
synoptic survey could not be conducted in 1993, 1994, 2008, 2012, or 2013 due to 
weather constraints (Table 1).  The statewide synoptic count from January 2011 was 
4,834 and from January 2014 it was 4,824 manatees. Manatee distribution counts from 
synoptic survey flights in Broward County during this study’s period are included in the 
results.  
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Table 1: All annual synoptic surveys from 1991-2016. Total counts are a minimum 
estimate only and not a determinate of abundance since only known aggregation sites 
were surveyed. Some years had no surveys based on weather condition constraints.  
Year Survey Date Total 
1991 January 23-24 1,267 
1991 February 17-18 1,478 
1992 January 17-18 1,844 
1995 January 21-22 1,456 
1995 February 06-07 1,823 
1996 January 09-10 2,277 
1996 February 18-19 2,630 
1997 January 19-20 2,241 
1997 February 13 1,715 
1998 January 29-30 2,018 
1999 January 06 1,865 
1999 February 23 2,023 
1999 March 06 2,360 
2000 January 16-17 1,646 
2000 January 26-27 2,223 
2001 January 05-06 3,300 
2002 March 01 1,758 
2003 January 09 2,843 
2003 January 21-22 3,127 
2003 January 26-28 3,016 
2004 February 20 2,505 
2005 January 26 3,143 
2006 February 13-17 3,113 
2007 January 30-February 1 2,817 
2009 January 19-23 3,802 
2010 January 12-15 5,077 
2011 January 20 and 24 4,834 
2014 January 24 and 27 4,824 
2015  February 16, 20, 23 6,063 
2016 February 11, 12, 13 6,250 
2017 January 30-February 2 6,620 
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 Difficulty in aerially counting manatees arises from the complications of 
observing all manatees, since an unknown subset of the total population goes undetected 
during surveys (Packard et al., 1986; Fonnesbeck et al., 2009); this is affected by survey 
conditions, observer bias, access to sites, weather conditions, and instantaneous animal 
behavior (Koelsch and Pitchford, 1998).  Statistical techniques have rarely been used to 
correct for these conditions, as uncorrected survey counts are generally accepted within 
the manatee research field as a sufficient representation of abundance (Mou Sue et al., 
1990).  Detection probability has been estimated through combining aerial surveys with 
mark-recapture techniques from shoreline surveys and adjusting aerially-derived 
distributions (Edwards et al., 2007).  Only recently have methods been developed to 
account for more than one kind of error associated with aerial surveys and manatees; 
however, this approach at statewide abundance estimation is four times more expensive 
than synoptic surveys primarily due to human effort and requires more logistical 
coordination (Martin et al., 2015).   
Despite limited assessment funding, aerial surveys allow for economically 
efficient counts per user effort when manatees aggregate, despite their inherent potential 
biases (Lefebvre and Kochman, 1991).  Aerial surveying methods are considered the 
primary technique for determining minimum population estimates and distribution of 
visible individuals (Packard et al., 1985; Rathbun, 1988).  However, absolute abundances 
cannot be estimated from standard aerial survey counts since the total proportion of 
manatees cannot be known and visibility variance is not quantifiable due to survey 
conditions and manatee distribution.  Between consecutive aerial surveys, manatees may 
also travel out of the boundaries of a survey site, leading to further variations in total 
numbers of manatees within the site (Craig et al., 1997).  Observer bias accounts for 
human error, which is reduced through double-observer protocols, highly trained 
observers, repeated passes over large aggregations, and confirmation with photographic 
evidence (Garrott, 1994). 
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Power Plants: 
 
Artificial warm-water sites occur throughout the coast of Florida, primarily near 
populous cities.  The Atlantic subpopulation of manatees concentrates around seven 
artificial sites along the east coast of Florida (Craig et al., 1997).  Broward County has 
two artificial sources of warm water discharge from power plants; both sources are 
categorized as gas turbine plants producing electricity for the region. 
Additions of newer natural gas-fired and nuclear power plants will allow for a 
temporary ‘Inactive Reserve’ of older less efficient units, thereby resulting in lowered 
operational and maintenance costs for FPL.  The LPP plant, the first FPL power plant 
ever constructed, was repaired and updated in the 1990s from its original construction in 
1925.  This overhaul tripled the output capacity, leading to a repowering of the plant, 
which is also still fully operational to date.  Defined as a future Inactive Reserve plant, 
LPP currently generates electrical capacity on first generation gas turbines.  Beginning in 
September 2015, LPP retired 22 of the 24 existing gas turbines, which were replaced with 
five more fuel-efficient combustion turbines that run on natural gas or ultra-low-sulfur 
diesel (FPL, 2015).  The turbine construction was completed in December 2016.   
Built in 1960 as a one-unit plant, PEP has been recently designated as a lower 
efficiency operation.  In 2010, turbine Units 1 & 2 were placed on Inactive Reserve, 
followed by turbine Units 3 & 4.  On July 16, 2013, PEP was shut down and demolished 
to “reenergize” the plant into the Port Everglades Next Generation Clean Energy Center 
(PEEC).  The PEEC became fully operational on April 1, 2016.  
Many older and less efficient generating plants will continue to be placed on 
Inactive Reserve status and eventually turned offline.  Manatees will continue to travel 
through corridors to man-made refugia for seasonal usage of thermal discharges (Packard 
et al., 1989).  Therefore, shut downs (planned or accidental) and implementation of 
Inactive Reserve status of older plants will continue to reduce access to warm-water 
refugia that manatees have utilized for decades.  During periods of increased need for 
access to effluent canals, mortality increases in effluent-dependent manatees due to CSS-
related deaths will occur if plants are not repowered.  However, recent upgrades to 
combustion turbines does not include system cooling requirements, which output 
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increased temperature effluent.  Construction of new power generation plants will 
continue to require compliance to supply comparable effluent discharge to prevent 
manatee mortality.    
 
Manatee dependence on warm water, especially during colder winter months, is 
well documented (O’Shea, 1994; Craig et al., 1997; Deutsch et al., 2003; Laist and 
Reynolds, 2005; Gannon et al., 2007).  Long-term trends in habitat usage were defined 
for other regions in the majority of the state: northwestern Florida (Powell & Rathbun, 
1984), east central coast (Provancha & Provancha, 1988), central Gulf coast (Wright et 
al., 2002), and southwestern Florida (Scolardi et al., 2009).  However, southeast Florida, 
while considered an important winter area of reliance in the literature, has not been 
analyzed as a long-term dataset (Laist and Reynolds, 2005).  Understanding the past 
spatial parameters, gathered by standardized methodology, that lead to differing manatee 
counts will facilitate a better understanding of state-wide manatee distributions.  
The primary purpose of this research is to define the spatial distributions of 
manatees within Broward County, Florida based on 10 years of primarily year-round 
aerial survey data through the following objectives: 
1. To define changes in manatee distribution patterns throughout Broward 
County’s 18 waterway zones: 
a. By comparing location with year or manatee wintering months, 
b. individual month, 
c. and season; 
d. By comparing usage by zone; 
e. To corroborate assumptions from the literature of manatee travel to 
Miami-Dade County; 
2. To determine whether manatee choice of two power plant warm water 
effluents and their corresponding sanctuary boundaries varies as a function of 
year and manatee season months. 
3. To create a baseline dataset detailing manatee use of the PEP effluent during 
the pre-reconstruction phase of PEEC, including comparing prior manatee 
research within the PEP effluent to aerial survey data. 
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4. To discuss potential impacts of changes associated with the construction of 
PEEC on the manatees currently using the PEP effluent canal, future PEP and 
LPP construction, and future implications for the Atlantic regional 
subpopulation.  
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METHODS 
 
Data Collection 
While fixed wing aircraft are preferred due to costs, helicopter flights are 
routinely used to survey manatee distributions (Irvine and Campbell, 1978; Lefebvre and 
Kochman, 1991).  Weekly aerial surveys were conducted in Broward County during the 
designated manatee season (November 15–March 31), while quarterly surveys occurred 
the rest of the year (April 1–November 14).  Surveys were flown out of the Fort 
Lauderdale Executive Airport or Pompano Air Park in a Robinson R-44 Raven II 
helicopter.  Funding for aerial flights was received annually from the Broward County 
Manatee Protection Plan. 
Aerial survey flight data sourced in this study were recorded from 1988-2013 
(Table 2).  Flights were considered sporadic until 2004 with the development of a 
repeatable flight path.  Prior to 2004, aerial surveys were occasionally flown along 
truncated and non-consistent flight paths, vastly decreasing surveyed area.  Flight path 
standardization occurred during the 2006-2007 season, while flight frequency 
standardization occurred in 2008.  The same trained county surveyors were repeated as 
scheduling allowed.  Seating allowed for the pilot in the front right seat, with two 
observers on the left side of the helicopter in the front and back seats.  All aggregations 
were observed and counted by the surveyors, while high resolution photographs were 
taken of the high abundance aggregation groups to later confirm the counts.  When 
allowable, repeatable passes occurred over large aggregations at warm water refugia until 
repetitive counts became consistent and surveyors were confident of total manatee 
counts.  
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Table 2: Aerial survey flight frequency data showing the variability in number of surveys 
each year and the preferred flight months. Flight frequency was standardized in 2008 to 
be weekly during manatee season and quarterly during non-manatee season months. 
Survey data from flights after March 2013 were excluded from this study due to the 
initiation of PPE construction. 
Year(s) Number of Surveys 
Surveying 
Organization Survey Frequency 
1988–1990 48 FWC Semi-biweekly flights with some gaps. Carson and Ackerman, 2016. 
1991–1992 12 Broward County November 1991–March 1992, July 1992, & September 1992 only 
2003 1 Broward County November only 
2004 10 Broward County Biweekly through May and September 
2005 16 Broward County January, Biweekly March–December, skipped June 
2006 18 Broward County Biweekly January–July & November–December 
2007 11 Broward County January–April & biweekly November & December 
2008 20 Broward County 
Weekly January–March & December. 
1 survey each in April, July, October, 
November 
2009 20 Broward County Weekly in manatee season.  1 survey each in May, July, October 
2010 21 Broward County Weekly in manatee season. 1 survey each in April, July, October 
2011 20 Broward County Weekly in manatee season. 1 survey each in April, July, October 
2012 20 Broward County Weekly in manatee season. 1 survey each in April, July, October 
2013 13 Broward County Weekly in manatee season through March 
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Weather conditions were relatively constant due to constraints for flights; 
occluded visibility and otherwise poor flight conditions resulted in no surveying.  For 
example, winds over 15 mph and mostly cloudy skies resulted in the cancellation of a 
surveying trip, although cloudy skies are rare during typical winter months in Broward 
County.  During winter months, flights were often flown on days after cold fronts passed 
through the area, which allowed for the highest aggregation counts, tighter groupings of 
individuals, calmer skies, and calmer surface waters.  Flights were flown above 61 m 
(200 ft.), with a 76–91 m (250 - 300 ft.) preference, resulting in an estimated 25-30 mph 
groundspeed.  Survey sections above the ICW allowed for increased airspeed of 46-57 
mph with 122 m (400 ft.) altitude. 
During helicopter surveys, proximity to the FLL airport and ports and their 
restricted air space required prior clearance from air traffic control.  Traffic control 
managers were contacted the day of surveying for permission.  Airport scheduling and 
congestion occasionally restricted flights when surveying the cooling lakes adjacent to 
the airport at LPP; due to these constraints, flights were occasionally delayed for several 
minutes or cancelled altogether for surveying this zone.  Annual meetings between FLL 
air traffic control managers and surveyors have occurred to foster understanding and 
promote better working relationships. 
The PEP effluent canal counts via walking surveys were collected by Kim Walsh, 
Jaime Goldman, and Gina Rappucci for previous master thesis projects (Walsh, 2009; 
Goldman, 2010; Rappucci et al., 2012).  Count data were conducted via point-based and 
walking surveys along a subset of the PEP effluent canal, starting from the edge of FPL 
property line upstream to the Manatee Crossing Overpass downstream (Appendix D).  
However, neither the entirety of the effluent canal nor the PEP Zone was not surveyed 
due to access limitations along FPL and Port Everglades.  Walking surveys were 
conducted from 2004 – 2010.  
 
Data Analysis 
Comparisons of the aerially viewed and walking viewed counts that occurred on 
the same survey date were analyzed with the Mann-Whitney U test, a non-parametric 
unpaired t-test, chosen due to the small sample size and the non-normal distributions of 
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the data.  This test analyzes the difference in medians via ordinal ranking of the counts.   
Counts were compared for total, number of calves, and number of adults and juveniles.  
Walking counts were separated via size class of adult, juvenile, or calf.  Aerial counts 
were separated by only adult or calf.  
Data were analyzed to compare temporal parameters, including month, season, 
and date for each of the power plants, along with comparisons between the power plants 
across years and within years.  Trends between the two power plants were evaluated with 
an ANOVA comparing survey counts, years, months, and quarterly seasons.  Analysis of 
data into quarterly seasons is based on previous studies’ definition of seasons (Provancha 
and Provancha, 1988; Deutsch et al., 2003; Scolardi et al., 2009; Carson and Ackerman, 
2016).  Survey counts were compared by date across years and manatee season months 
(November 15–March 31) as defined for Broward County by the Manatee Sanctuary Act.  
 Previously collected data were analyzed using Microsoft Excel 2013, PRIMER 7, and 
ArcGIS 10.3.1.  Basic statistical testing (ANOVA, Mann Whitney U, correlations) and 
linear modeling was performed using Excel.  Dendrograms, non-metric Multidimensional 
Scaling (MDS) plots, and shade plots were created using PRIMER.  Aerial count data 
were recorded into ArcGIS and mapped, while a Kernel Density Spatial Analysis was 
performed on all manatee counts from 2004-2013.  Google Earth was used to create a 
historical county-wide manatee mortality map.  
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RESULTS  
Objective 1 
 
 Comparing manatee counts by year or manatee wintering months 
Analyses to determine the significance of Broward County manatee counts 
towards the Atlantic subpopulation were conducted. Counts from the statewide synoptic 
surveys showed Broward county manatees make up on average 20.55% of the total 
Atlantic subpopulation counts for 2004-2013 (Figure 1, Table 3). The number of Broward 
county adult manatees averaged 31.46% while calves averaged 19.76% compared to the 
Atlantic subpopulation counts.  Comparative synoptic surveys did not occur during 2008, 
2012, and 2013. Demographic percentage ranges were for total counts (4.64-43.63), for 
calves (11.94-56.44), and for adults (4.14-29.87). 2004 had the lowest percentages for all 
three demographic groups, while 2010 had the highest for all three groups.  
 
 
Figure 1: Variation of yearly statewide synoptic survey counts for the Atlantic 
subpopulation and Broward County. 
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Table 3: Total percentage of Broward manatees, calves only, and adults only from yearly 
synoptic surveys of the Atlantic subpopulation. For surveyed years, Broward counts were 
20.55% of the total subpopulation, with calves at 29.36% and adults at 19.73%. 2004 had 
the lowest percentages since 1991 for all three categories. 
Year 
Atl. 
Subpop 
total 
Broward 
total 
% of 
Total 
Atl. 
Subpop 
calves 
Broward 
calves 
% of 
Calves 
Atl. 
Subpop 
adults 
Broward 
adults 
% of 
Adults 
1991 1406 129 9.18 94 11 11.70 1312 118 8.99 
1992 837 184 21.98 47 8 17.02 790 176 22.28 
1995 1436 448 31.20 112 26 23.21 1324 422 31.87 
1996 2557 478 18.69 162 26 16.05 2395 452 18.87 
1997 1545 122 7.90 103 7 6.80 1442 115 7.98 
1998 1018 130 12.77 68 27 39.71 950 103 10.84 
1999 2475 158 6.38 223 29 13.00 2252 129 5.73 
2000 1543 425 27.54 173 83 47.98 1370 342 24.96 
2001 1447 304 21.01 167 67 40.12 1280 237 18.52 
2002 757 48 6.34 59 5 8.48 698 43 6.16 
2003 4829 1272 26.34 367 158 43.05 4462 1114 24.97 
2004 1057 49 4.64 67 8 11.94 990 41 4.14 
2005 1441 261 18.11 115 48 41.74 1326 213 16.06 
2006 1454 360 24.76 81 13 16.05 1373 347 25.27 
2007 1221 90 7.37 50 10 20.00 1171 80 6.83 
2009 1947 554 28.45 139 47 33.81 1808 507 28.04 
2010 2550 805 31.57 163 92 56.44 2387 713 29.87 
2011 2168 628 28.97 175 68 38.86 1993 560 28.10 
2014 1907 832 43.63 90 38 42.22 1817 794 43.70 
2015 3008 661 21.97 152 53 34.87 2856 608 21.29 
2016 2855 880 30.82 116 62 53.45 2739 818 29.86 
1991-2016 
Mean   20.46   29.36   19.73 
2004-2013 
Mean   20.55   31.26   19.76 
 
Comparisons between the total, calves only, and adult only counts of the Atlantic 
subpopulation and Broward county were analyzed. Linear regression modeling displayed 
a significant correlation for the total (R² =0.7151), calf (R² =0.7174), and adult counts (R² 
=0.7039) over all synoptic survey years (Figures 2-4). The correlations were similar for 
all three demographic groups relating to the Atlantic subpopulations use of Broward 
County waters.  
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Figure 2: Correlation of Broward and Atlantic subpopulation total counts (R2= 0.7151). 
 
 
Figure 3: Correlation of Broward and Atlantic subpopulation counts of manatee calves 
(R2= 0.7174).  
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Figure 4: Correlation of Broward and Atlantic subpopulation counts of adult manatees 
(R2= 0.7039).  
 
The percentage breakdown of manatee age classes of adults and calves within 
Broward County were calculated. Demographic makeup of Broward manatees from 
2004-2013 averaged 90.12% adults and 9.88% calves (Table 4). The range of adult 
counts was 384-9,427 individuals with a mean of 2,865.5 adults.  The range of calves 
counted was 49-822 with a mean of 276.3 calves. 2004 had the lowest percentages for all 
adults and calves within Broward County, while 2010 had the highest percentages.  
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Table 4: Total counts for all months from 2004–3/28/2013 and the percent of adults 
versus calves of the total. Adults average 90.12% while calves average 9.88% out of 
31,418 counted manatees for all surveys during all years. 
 Adults Calves Total % Adults % Calves 
2004 384 49 433 88.68 11.32 
2005 422 91 513 82.26 17.74 
2006 1,433 63 1,496 95.79 4.21 
2007 634 90 724 87.57 12.43 
2008 2,931 258 3,189 91.91 8.09 
2009 3,702 339 4,041 91.61 8.39 
2010 9,427 822 10,249 91.98 8.02 
2011 3,017 322 3,339 90.36 9.64 
2012 4,847 550 5,397 89.81 10.19 
2013 1,858 179 2,037 91.21 8.79 
Total 28,655 2,763 31,418 90.12 9.88 
 
  Yearly distribution counts showed high variability for surveys within the entire 
county (Table 4, Figure 5).  The 2004–2006 survey dates mainly occurred outside of 
manatee season months.  From 2008–2013, weekly surveys were flown during manatee 
season, while out of season required only quarterly surveys (Table 2).  This frequency 
pattern results in 12-month distribution reports.  The 2013 survey count data ended 
March 28, 2013, since PEP was shut down for reconstruction soon after. 
Prior to complete survey standardization of flight path (2006–2007) and 
frequency (2008), manatee distribution counts for Broward County never exceeded 400 
individuals.  Eight times manatee counts were greater than 800 individuals, six of those 
times occurred in 2010; the highest survey count was on January 17, 2010.  Each year 
had a decline in manatees counted after mid-February except during spring of 2010, when 
a second cold front in February produced a second manatee season migration to the 
county (Figure 5).   
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Figure 5: Variation of total survey counts for Broward County in manatee season months (November-March) from 2005–2013.  The 
highest count occurred during the 2011-2012 season, while 2010-2011 had the highest December counts and 2009-2010 had the 
highest spring counts. 
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Mean count data during manatee season years underwent a square root 
transformation and a Bray-Curtis similarity to balance the data by downweighting less 
common manatee counts. Next, grouped through a hierarchical clustering into a 
dendrogram, manatee seasons were delineated by differing characteristics of manatee 
counts.  Successive SIMPROF (similarity profile) permutation tests between different 
samples (manatee seasons) resulted in significant clustering structure from 2005-2008 
and 2008-2013 seasons, represented by the bold lines (Figure 6). Within the two main 
groups, there is no significant clustering structure, represented by the dashed lines.  
Therefore, 2005-spring 2008 and fall 2008-2013 are significantly different groups of 
years.  
 
 
Figure 6: Dendrogram for hierarchical clustering of manatee seasons using Bray-Curtis 
similarities calculated on square root transformed mean manatee count data. Two 
significant clusters of samples from 2005-2008 and 2008-2013 resulted (bold lines), 
while no significant clustering structure resulted within the two groups (red, dashed 
lines).  
 
Comparisons of similarity across survey years was performed through a non-
metric (MDS) plot based on a Bray-Curtis similarity (Figure 7). Data were pre-treated 
through a square root transformation to down-weight high variability. Manatee seasons 
from 2008-2013 were clustered with an approximately 80% similarity, while 2005-2006 
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and 2007-2008 wintering seasons were also clustered with an approximately 80% 
similarity.  This analysis further demonstrates the statistically significant difference 
between manatee counts before spring of 2008 and after fall of 2008.   
 
 
 
Figure 7: MDS ordination of manatee seasons based on square root transformed 
abundances and Bray-Curtis similarities (stress =0.01). The 2008-2013 seasons were 
clustered with an approximately 80% similarity, while 2005-2006 and 2007-2008 
wintering seasons were separately clustered with an approximately 80% similarity.   
 
 
 Comparing manatee counts by individual month 
Regression modeling of counts over each month across all survey years shows 
moderate to high variability based on the mean of the counts.  R2 values ranged from 
0.00–0.3241 for 1988–2013 survey data, with October having the best fit to the mean.  
The four months with the highest r2 were out of manatee season (October, July, June, and 
September).  Zero percent correlation occurred in January, April, May, August, and 
December for 1988-2013.  The most surveyed months had low correlation coefficients 
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and high variability.  Variation did not decrease with increasing standardization for most 
months (Table 5). 
 
Table 5: The number of surveys and the r2 value per month for 1988–3/28/2013 showing 
moderate to high variability across all months. N/A equals a sample size too low to 
predict variation.  
Month 
r2 Number of 
surveys (n)  
1988-2013 1988- 
2013 
2004- 
2013 
2008- 
2013 
January 0.0021 0.0067 0.0054 38 
February 0.0989 0.0702 0.0801 33 
March 0.0925 0.0873 0.1119 37 
April 0.0034 0.0244 0.0553 13 
May 0.0025 0.1125 n/a 10 
June 0.2442 n/a n/a 6 
July 0.2752 0.2751 0.1319 11 
August 0.00 n/a n/a 3 
September 0.1317 0.1141 n/a 7 
October 0.3241 0.5095 0.4017 9 
November 0.128 0.1519 0.1057 21 
December 0.0112 0.0172 0.0175 33 
 
 
Linear regression trends show a positive slope from the first day to the last day of 
July, September, October, November, and December, corresponding to a direct 
relationship between day and manatee count.  A decrease in counts by day of the month 
occurred for January, February, March, April, May, and June, corresponding to an 
indirect relationship between day and manatee count. The linear trendline for August was 
zero due to low sample size (n=3). From April through mid-November, the non-manatee 
season months, surveys showed a marked decrease in counts due to seasonal migration 
out of Broward County (Figure 8).   
27 
 
 
Figure 8: Manatees aerially surveyed for all months during 1988-2013 with the x-axis as 
Day of the Month and y-axis as Manatee Count. Counts varied highly by survey day of 
the month with no months having a significant R2.  
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 Comparing manatee counts by season 
Aerial survey manatee distributions have been compared by seasonality over time 
(Provancha and Provancha, 1988; Deutsch et al., 2003; Scolardi et al., 2009; Carson and 
Ackerman, 2016).  Seasons of the year are determined as Winter (December–February), 
Spring (March–May), Summer (June–August), and Fall (September–November).  
Winter season had the highest manatee count values out of all four seasons.  A 
linear regression for manatee counts of December to February months from 1988–2013 
surveyed years increased over time until 2013 (Figure 9).  A low r2 value of 0.1258 is 
expected for the high variability of manatee counts during the months of highest thermal 
refugia usage. During the 2004–2013 winter seasons, an Order 2 polynomial regression 
(r2 =0.1152) displays a low positive correlation (Figure 10). 
 
 
Figure 9: Chronological manatee counts from 1988–3/28/2013 during the winter season 
months (December, January, and February) (R² =0.1258). 
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Figure 10: Polynomial regression of winter season counts from 2004–3/28/2013 (R² 
=0.1152). 
 
Spring season manatee counts decreased from winter season months except 
during early March in 2009 and 2010 (3/4/2009=216, 3/5/2010=865, 3/9/2010=745, 
3/19/2010=232) where extended spring cold fronts had manatees lingering in Broward 
for warm refugia site access and delaying dispersal (Figure 11). These spikes in the trend 
increased variability, leading to decreased fit. A linear regression had low correlation due 
to a lack of fit (r2 =0.0406). During the 2004–2013 spring seasons, an Order 2 
polynomial regression (r 2 =0.0816) displays a low positive correlation (Figure 12).  
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Figure 11: Chronological manatee counts from 1988–3/28/2013 during the spring season 
months (March, April, and May) (R² =0.0406). 
 
 
 
 
Figure 12: Polynomial regression of spring season counts from 2004–3/28/2013 (R² 
=0.0816).  
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during summer months.  Linear regression modeling shows a low positive correlation (r 2 
=0.2186) over all years (Figure 13).  No flights occurred during the summer season in 
2004 or 2007.  After flight frequency standardization, only one flight occurred each year 
during this season.  During the 2004–2013 summer seasons, an Order 2 polynomial 
regression (r 2 =0.0166) displays little to no correlation (Figure 14). 
 
 
 
Figure 13: Chronological manatee counts from 1988–3/28/2013 during the summer 
season months (June, July, and August) (R² =0.2186). 
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Figure 14: Polynomial regression of summer season counts from 2004–3/28/2013 (R² 
=0.0166).  
 
 
During the fall season, relatively consistent counts of manatees ranged from 0 to 
40 individuals, with only three survey counts higher (11/28/2008=200, 11/15/2012=128, 
11/28/2012=419).  Linear regression modeling shows a low positive correlation (r 2 
=0.1579) over all years (Figure 15).  During the 2004–2013 spring seasons, an Order 2 
polynomial regression (r 2 =0.184) displays a low positive correlation (Figure 16). 
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Figure 15: Chronological manatee counts from 1988–3/28/2013 during the fall season 
months (September, October, and November) (R² =0.1579).  
 
 
 
Figure 16: Polynomial regression of fall season counts from 2004–3/28/2013 (R² =0.184). 
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 Comparing manatee counts across years and manatee season months in each zone: 
Broward County is split into 18 waterway zones with manatee access; however, 
not every zone is surveyed every flight date due to several local survey constraints.  Of 
the 31,418 manatees counted in Broward County from 2004-2013, 80.11% were visible 
in a zone with warm-water refugia (Table 6).  Therefore, Broward County is mainly 
utilized by manatees as a refugium and accessed specifically for its warm water effluent 
generated by the two power plants.  The South Fork New River (Zone 10) accounts for 
6.08% of the total manatees counted, while the three zones that compromise the DCC 
(Zones 13,14, and 15) only account for 2.29%.  Zone 16 (ICW South) equaled only 
0.83% of the total manatees counted. 
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Table 6: Total manatee count (31,418) of all zones from 12/1/2005–3/28/2013 by year. 
Zones 12 and 17 correspond with known refugia sites. Empty cells are not equal to zero 
manatees counted, but correspond to a zone not being surveyed during that year. The one 
manatee count in the Unassigned row did not have a zone specified and therefore is an 
outlier.  
Zones 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  Total 
% of 
count 
01, Hillsboro 
Canal 2 19 9 7 26 49 51 37 29 33 262 0.83 
02, Hillsboro 
River 2 5 21 17 28 83 29 56 56 33 330 1.05 
03, Hillsboro 
Inlet 4 5 45 14 59 144 54 55 112 59 551 1.75 
04, Cypress 
Creek Areas       3 4 8 8 23 0.07 
05, ICW 
Central Part A 10 11 20 3 60 66 83 46 106 42 447 1.42 
06, ICW 
Central Part B  1 26 6 30 32 45 40 53 20 253 0.81 
07, Middle 
River Areas  5 21 3 1 1 13 31 41 26 142 0.45 
08, North Fork 
New River 49 14 46 29 88 92 116 69 130 42 675 2.15 
09, New River 
Junction 2 10 29 10 56 31 58 74 72 61 403 1.28 
10, South Fork 
New River 17 60 108 66 272 209 300 274 376 227 1,909 6.08 
11, Stranahan 
River/Canals 4 13 16 3 35 11 23 19 38 51 213 0.68 
12, Port 
Everglades 168 174 369 180 775 1,347 3,551 433 445 40 7,482 23.81 
13, DCC East 2 3 3  7  7 9 1  32 0.10 
14, DCC 
Middle/C-10 6 24 47 11 30 5 70 76 88 24 381 1.21 
15, DCC West 1 2 28 7 26 20 36 37 110 40 307 0.98 
16, ICW South 2 13 11 21 36 19 39 50 52 19 262 0.83 
17, Lauderdale 
Power Plant 164 153 697 347 1,658 1,930 5,750 2,021 3,670 1,297 17,687 56.30 
18, Atlantic 
Ocean     2 2 21 8 10 15 58 0.18 
Unassigned  1         1 0.00 
Total 433 513 1,496 724 3,189 4,041 10,249 3,339 5,397 2,037 31,418 100 
Mean 31 32 94 48 188 253 569 186 300 120   
 
 
 
A correlation coefficient matrix was created to show the relationships between all 
zones based on total manatee counts during 2004–2013 (Table 8).  Cypress Creek Areas 
(Zone 4) was the only zone with strong negative relationships: with Hillsboro Canal 
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(Zone 1), Port Everglades (Zone 12), and DCC East (Zone 13).  Several coefficients 
showed no correlation (r = -0.2 to 0.2) including some adjacent zones: Stranahan 
River/Canals with Port Everglades (Zones 11 and 12) and Cypress Creek Areas with 
ICW Central Part A (Zones 4 and 5). 
 Strong positive correlations (r =0.7 to 1.0) were seen between adjacent zones: 
Hillsboro River with Hillsboro Inlet (Zones 2 and 3), ICW Central Part A with ICW 
Central Part B (Zones 5 and 6), Stranahan River/Canals with New River Junction (Zones 
11 and 9), New River Junction with South Fork New River (Zones 9 and 10), South Fork 
New River with Lauderdale Power Plant (Zones 10 and 17), DCC Middle/C-10 with DCC 
West (Zones 14 and 15).  The two known warm water aggregation sites (PEP and LPP) 
had a strong positive correlation between their respective zones.  
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Table 7: Matrix of correlation coefficients (r) in all zones for surveyed counts each year from 2004–2013. Strong positive correlation 
(red) = 0.7 to 1.0. Strong negative correlation (green) = -0.7 to -1.0. No correlation (yellow) = -0.2 to 0.2. Weak correlations (non-
highlighted) = 0.21 to 0.69 and -0.21 to -0.69.   
Zones 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1-Hillsboro Canal 1                  
2-Hillsboro River 0.73 1                 
3-Hillsboro Inlet 0.69 0.93 1                
4-Cypress Creek 
Areas -0.87 0.20 0.63 1               
5-ICW Central 
Part A 0.74 0.67 0.78 0.10 1              
6-ICW Central 
Part B 0.61 0.63 0.67 -0.30 0.90 1             
7-Middle River 
Areas 0.07 0.25 0.22 0.66 0.42 0.57 1            
8-North Fork New 
River 0.64 0.62 0.72 -0.16 0.95 0.93 0.32 1           
9-New River 
Junction 0.66 0.57 0.54 0.16 0.78 0.82 0.70 0.66 1          
10-South Fork 
New River 0.74 0.67 0.70 0.11 0.94 0.91 0.55 0.85 0.94 1         
11-Stranahan 
River/Canals 0.40 0.24 0.37 0.90 0.57 0.38 0.52 0.37 0.77 0.70 1        
12-Port 
Everglades 0.68 0.22 0.27 -0.73 0.54 0.48 -0.20 0.61 0.27 0.43 0.01 1       
13-DCC East 0.65 0.35 0.04 -0.91 0.14 0.16 -0.27 0.16 0.52 0.38 0.15 0.43 1      
14-DCC 
Middle/C-10 0.37 0.29 0.26 -0.33 0.64 0.77 0.78 0.60 0.76 0.73 0.41 0.31 0.25 1     
15-DCC West 0.35 0.50 0.60 0.61 0.81 0.77 0.82 0.71 0.76 0.81 0.65 0.08 -0.12 0.77 1    
16-ICW South 0.56 0.53 0.45 -0.29 0.76 0.79 0.54 0.71 0.86 0.89 0.46 0.32 0.48 0.82 0.73 1   
17-Lauderdale 
Power Plant 0.75 0.43 0.49 -0.52 0.86 0.82 0.31 0.86 0.68 0.80 0.38 0.83 0.32 0.70 0.60 0.70 1  
18-Atlantic Ocean 0.33 -0.52 -0.48 -0.34 0.18 0.21 0.38 0.07 0.38 0.27 0.30 0.50 -0.04 0.45 0.20 0.10 0.67 1 
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  Zones by year were analyzed to determine similarity associations represented through a dendrogram (Figure 17).  A square 
root transformation on the data was performed before a Bray-Curtis similarity.  The South Fork New River (Zone 10), PEP (Zone 12), 
and LPP (Zone 17) were closely associated.  
 
Figure 17: Cluster analysis of 18 zones by year with a square root transformation and Bray-Curtis similarity. 
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Since manatees migrate seasonally from fall to spring, associations in 
distributions must be analyzed across manatee season months and not solely by calendar 
year.  Therefore, the same statistical analyses performed to compare the 18 zones by year 
were also selected to define relationships between the zones for surveys completed within 
Broward County’s manatee season (November 15th through March 31st).  The 
standardized survey frequency during non-manatee season months to survey quarterly 
was not established until 2008.  Throughout 2004–2013, summer month surveys were 
infrequent and typically yielded low survey counts.  If these counts are deemed outliers 
from a survey area primarily used during wintering months, then the summer survey 
counts should be excluded (Table 8).  Therefore, only counts from 12/1/2005–3/28/2013 
during manatee season months were independently analyzed.  The 2004-2005 wintering 
season was excluded due to low number of surveys.  Therefore, total manatee counts for 
all surveys dropped to 29,948 individuals over 8 consecutive manatee wintering seasons.   
Again, the LPP effluent canal area, Zone 17, contributed to the highest percentage 
distribution of manatees in Broward County zones at 57.21% with Zone 12 (Port 
Everglades Inlet, including PEP) making up 23.88% (Table 8).  Refugia sites within 
Broward County accounted for 81.09% of all counted manatees for surveyed years. 
Overall, the counts from these months have a generally even distribution across all zones 
with almost all zones remaining near the same percentage of the total count (0.05–
1.82%).  
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Table 8: The total count of all zones during manatee season months was 29,948 from 
12/1/2005–3/28/2013. Empty cells indicate unsurveyed zones. Combined the two refugia 
sites (Zones 12 and 17) comprise 81.09% of all counts (23.88% and 57.21% 
respectively). Zone 10 totaled 5.95% of the counts. 
Zones 05/06 06/07 07/08 08/09 09/10 10/11 11/12 12/13  Total 
% of 
count 
1, Hillsboro Canal 5 4 15 58 21 63 22 33 221 0.74 
2, Hillsboro River 22 8 18 97 24 56 53 39 317 1.06 
3, Hillsboro Inlet 33 7 27 163 53 63 96 76 518 1.73 
4, Cypress Creek 
Areas     3 1 10 2 16 0.05 
5, ICW Central 
Part A 20 1 24 93 44 66 94 66 408 1.36 
6, ICW Central 
Part B 23 4 12 48 33 48 37 41 246 0.82 
7, Middle River 
Areas 11 7   10 28 29 34 119 0.40 
8, North Fork 
New River 26 23 52 97 116 68 48 115 545 1.82 
9, New River 
Junction 19 10 40 49 40 80 46 89 373 1.25 
10, South Fork 
New River 110 47 162 319 248 285 298 313 1,782 5.95 
11, Stranahan 
River/Canals 12 6 10 35 7 29 24 59 182 0.61 
12, Port 
Everglades 388 177 315 1,793 2,381 1,590 419 89 7,152 23.88 
13, DCC East 3  3 4 5 7 4 1 27 0.09 
14, DCC 
Middle/C-10 44 16 12 20 60 58 99 32 341 1.14 
15, DCC West 2 24 22 27 26 34 67 81 283 0.94 
16, ICW South 11 15 17 40 25 43 53 28 232 0.77 
17, Lauderdale 
Power Plant 634 371 932 2,596 4,037 3,445 2,881 2,236 17,132 57.21 
18, Atlantic 
Ocean   2 2 6 22 8 14 54 0.18 
Total 1,363 720 1,663 5,441 7,139 5,986 4,288 3,348 29,948 100 
Mean 85 48 104 340 397 333 238 186 1,664  
 
 
 
For all manatees counted during non-manatee season months (April–mid 
November) during 2004–2012 years, the two-power plant refugia counts vastly decreased 
(PEP =9.30%, LPP =2.25%) (Table 9).  The New River system (Zones 8, 9, and 10) 
accounted for 38.32% of the total non-manatee season months.  
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Table 9: The total count of all zones during non-manatee season months (April 1–
November 14) from 4/14/2004–10/19/2012.  Combined the two refugia sites (Zone 12 
and 17) account for 23.95% of all counts.  Zone 8 totaled 19.44%, the highest percentage 
for a single zone. The mean manatee count for each zone over all years was 18.68. 
Zones 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total 
% of 
count 
01, Hillsboro 
Canal  11 6  3 4  1 3 28 7.89 
02, Hillsboro 
River 1 3      2  6 1.69 
03, Hillsboro 
Inlet  2 11 5 3  1  1 23 6.48 
04, Cypress 
Creek Areas         1 1 0.28 
05, ICW Central 
Part A 3 5   8  9   25 7.04 
06, ICW Central 
Part B   4      1 5 1.41 
07, Middle River 
Areas  3 6 1 1  2 3 6 22 6.20 
08, North Fork 
New River 8 10 8 5 13 5 13  7 69 19.44 
09, Junction New 
River  4 8    1  2 15 4.23 
10, South Fork 
New River 1 21 7 2 4 5 11  1 52 14.65 
11, Stranahan 
River/Canals 2 4 1  1  3   11 3.10 
12, Port 
Everglades Inlet  1 11 5 1 12 1 2  33 9.30 
13, DCC East  3        3 0.85 
14, DCC Middle/ 
C-10  7 6 1 3  1  2 20 5.63 
15, DCC West  1 2 2   3 1  9 2.54 
16, ICW South  7 2  4   5 5 23 6.48 
17, Lauderdale 
Power Plant  1 1 2   1  3 8 2.25 
18, Atlantic 
Ocean         1 1 0.28 
Unassigned  1        1 0.28 
Total 15 84 73 23 41 26 46 14 33 355 100 
Mean 3 6 6 3 4 7 4 2 3 18.68    
 
 
A correlation coefficient matrix was created to show the relationships between all 
zones throughout Broward County based on total manatees counted in manatee season 
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months from 12/1/2005–3/28/2013 (Table 10).  No strong negative correlations were 
calculated (r = -0.7 to -1.0).   
Several moderately negative correlations exist (r = -0.5 to -0.699) all between 
Cypress Creek Areas (Zone 4) and North Fork New River (Zone 8), New River Junction 
(Zone 9), and Atlantic Ocean (Zone 18) (Table 10). These negative relationships differ 
from correlations including non-wintering months where Port Everglades Inlet and DCC 
East (Zones 12 and 13) had negative relationships with Cypress Creek Areas (Zone 4).  
 Several coefficients showed no correlation (r = -0.2 to 0.2) (Table 10). Of interest 
were adjacent zones: Stranahan River/Canals with Port Everglades Inlet (Zones 11 and 
12) and Cypress Creek Areas with ICW Central Part A (Zones 4 and 5).  The DCC East 
(Zone 13) had weak or no correlation except two strong positive correlations with both 
warm water refugia zones: Zone 12 and Zone 17.  
 Strong positive correlations (r =0.7 to 1.0) were seen between several adjacent 
zones (Table 10).  The South Fork New River (Zone 10) had the highest number of 
strong positive correlations with Hillsboro Canal (Zone 1), Hillsboro River (Zone 2), 
Hillsboro Inlet (Zone 3), ICW Central Part A (Zone 5), ICW Central Part B (Zone 6), 
Middle River Areas (Zone 7), North Fork New River (Zone 8), New River Junction 
(Zone 9), Stranahan River/Canals (Zone 11), ICW South (Zone 16), and Lauderdale 
Power Plant (Zone 17). Hillsboro Canal, Hillsboro River, and Hillsboro Inlet (Zones 1, 2, 
and 3) correlated with one another.  ICW Central Part A (Zone 5) correlated with all 
surrounding zones in the middle and north sections of the county: Hillsboro Canal (Zone 
1), Hillsboro River (Zone 2), Hillsboro Inlet (Zone 3), Cypress Creek Areas (Zone 4), 
ICW Central Part B (Zone 6); and ICW Central Part B (Zone 7). Lastly, The Middle 
River Areas (Zone 7) had strong correlations with several zones: Hillsboro River (Zone 
1), Hillsboro Inlet (Zone 2), ICW Central Part A (Zone 5), ICW Central Part B (Zone 6), 
New River Junction (Zone 9), and South Fork New River (Zone 10), and Stranahan 
River/Canals (Zone 11).  
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Table 10: Matrix of correlation coefficients (r) in all zones each manatee season from 12/1/2005 – 3/28/2013. Strong positive 
correlation (red) = 0.7 to 1.0.  Moderate negative correlation (blue) = -0.5 to -0.69 occurred only with Zone 4. No correlation (yellow) 
= -0.19 to 0.19. Weak correlations (non-highlighted) = 0.2 to 0.69 and -0.2 to -0.69.  There were no strong negative correlations. 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1-Hillsboro Canal 1                  
2-Hillsboro River 0.84 1                 
3-Hillsboro Inlet 0.71 0.96 1                
4-Cypress Creek 
Areas -0.60 0.27 0.80 1               
5-ICW Central 
Part A 0.73 0.87 0.90 0.76 1              
6-ICW Central 
Part B 0.85 0.82 0.80 -0.47 0.88 1             
7-Middle River 
Areas 0.69 0.87 0.85 0.09 0.86 0.80 1            
8-North Fork New 
River 0.54 0.42 0.53 -0.63 0.52 0.65 0.39 1           
9-New River 
Junction 0.73 0.47 0.42 -0.61 0.63 0.76 0.88 0.66 1          
10-South Fork 
New River 0.77 0.77 0.81 0.17 0.94 0.92 0.84 0.75 0.81 1         
11-Stranahan 
River/Canals 0.59 0.56 0.58 -0.26 0.65 0.69 0.89 0.57 0.84 0.72 1        
12-Port Everglades 0.55 0.44 0.41 -0.37 0.34 0.53 -0.20 0.57 0.15 0.43 -0.12 1       
13-DCC East 0.50 0.26 0.05 -0.13 0.17 0.36 -0.19 -0.07 0.02 0.15 -0.39 0.71 1      
14-DCC Middle/ 
C-10 0.08 0.16 0.18 0.88 0.50 0.43 0.34 0.02 0.18 0.42 0.01 0.19 0.39 1     
15-DCC West 0.25 0.25 0.34 0.35 0.60 0.44 0.84 0.44 0.68 0.64 0.75 -0.26 -0.33 0.37 1    
16-ICW South 0.68 0.75 0.72 0.67 0.91 0.76 0.73 0.30 0.55 0.81 0.45 0.31 0.44 0.64 0.58 1   
17-Lauderdale 
Power Plant 0.63 0.50 0.52 -0.17 0.69 0.78 0.41 0.72 0.58 0.81 0.29 0.77 0.61 0.60 0.37 0.70 1  
18-Atlantic Ocean 0.49 -0.01 -0.22 -0.59 0.13 0.52 0.54 0.02 0.83 0.38 0.42 -0.03 0.36 0.329 0.37 0.33 0.39 1 
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 Comparing manatee counts within ICW South (Zone 16): 
 Only 262 manatees were counted in the ICW South (Zone 16) during the 2004 – 
2013 years out of 31,418 total manatees counted (0.834% of the total).  Manatees in this 
zone were characterized with a direction of travel classification when possible (Table 11; 
Figure 18).  From 2008 to 2013, only two manatees were noted as stopped 
(feeding/resting) in this zone, all other manatees were noted as travelling in a direction or 
no note (blank).  Of the 163 manatees noted travelling, 102 were in a northern direction 
(100 north and 2 northwest), equaling 62.57% of the travelling manatees and 38.93% of 
all manatees in this zone.  Southern traveling accounted for only 40 manatees seen 
(15.27% of the zone total and 0.127% of the total study manatee count).  Feeding/Resting 
compromised 6.11% of the total count.  No description of active mating was noted in this 
zone.  
 
Table 11: Direction of travel for all 262 manatees counted in ICW South (Zone 16) from 
2004–3/28/2013. Only 40 manatees (15.27%) were noted as travelling south.  
Direction of 
Travel 
Number of 
Manatees 
% of 
Count 
East 2 0.76 
North 100 38.17 
Northwest 2 0.76 
South 40 15.27 
West 3 1.15 
Stopped 16 6.11 
(Blank) 99 37.79 
Total 262 100.00 
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Figure 18: Directional classifications of all manatees (adults and calves) counted in the 
ICW South zone from 2004–3/28/2013.  
 
Calves compromised 12.98% (34/262) of all manatees in ICW South, more than 
the percentage for county-wide counts for all years (calves=9.88%, Table 3).  Since all 
calves are closely associated with a female adult, cow calf pairs make up 25.95% 
(68/262).  Calves were noted as 25.0% (4/16) of the stopped manatees.  
 During non-manatee season months, 6.48% of manatees were counted in ICW 
South Zone (23/355 individuals).  This comprises a section individuals remained in 
Broward County and provides a baseline for non-season manatee usage throughout 
Broward and Miami-Dade Counties.  
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Objective 2   
 
Comparing the Port Everglades and Lauderdale Power Plant Zones: 
The two artificial warm water sites within Broward County have several 
distinctions from ease of access, length of travel to reach each site, available surface area 
within each sanctuary, and anthropogenic interaction probabilities.  Both zones have 
power plants with effluent waterways classified as no-entry zones under the Manatee 
Sanctuary Act, and both areas have no known seagrass beds within the refugia zones and 
their adjacent waters.  Both zones have comparable outflows designed to produce 800 
million gallons of water per day into their effluent canals, when operating at normal 
capacity (DEP, 2008a; DEP, 2008b).  The Lauderdale Plant Zone consists of only the 
effluent canal and adjacent cooling lakes as direct outflows from the power plant 
(Appendix H).  However, the Port Everglades Zone includes the effluent canal from the 
power plant and adjacent areas of the ICW section within the Port Everglades operational 
boundaries and the Port Everglades Inlet (Appendix D).  Manatees travelling through the 
ICW within the Port are possibly inbound toward the power plant’s effluent canal and 
sanctuary.  It is important to note that distribution counts from the Port Everglades Zone 
do not only represent manatees located inside warm-water refugia, but include adjacent 
areas.  
Counts varied between the two warm water access sites based on survey date 
(Table 12).  The highest estimated count for PEP was 486 manatees on February 19, 
2010.  The highest estimated count for LPP was 957 manatees on January 17, 2012; this 
date corresponds with the highest survey count for the entire county out at 1,207 
manatees.  
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Table 12: Aerial survey counts of the LPP and PEP zones for every survey from 2004–2013. Blank cells are not equal to zero, but an 
inability to survey that zone for the correlating survey date due to flight restrictions. Counts varied by date for both refugia.  
2004  1/20 2/4 2/20 2/26 3/15                
 LPP 111 33 16 3 1                
 PEP 135 7 21 2 3                
2005  1/26 3/3 4/14 7/21 12/1 12/15               
 LPP 122 7 1  23                
 PEP 105 16  1 10 42               
2006  1/11 1/26 2/9 2/14 3/2 3/16 3/30 4/13 4/28 5/10 11/2 12/7 12/21        
 LPP 129 96 152 207 24 1 2 1    58 27        
 PEP 95 67 37 120 5 3 9 1 7 2 1 20 2        
2007  1/4 1/16 1/30 2/19 3/6 4/2 11/14 11/28 12/12 12/21 12/26          
 LPP 9 10 36 209 22 1 1 12 11 8 28          
 PEP   40 103 12 2 3 7 4 5 4          
2008  1/8 1/18 1/23 1/30 2/6 2/15 2/20 2/29 3/5 3/13 3/20 3/27 4/24 11/28 12/3 12/10 12/18 12/30   
 LPP 125 159 174 302 17 46 22 16 6 4 2   83 164 206 248 84   
 PEP 74 39 55 81 19 7 12 4  3  1 1 71 147 116 132 13   
2009  1/8 1/14 1/22 1/28 2/4 2/12 2/20 2/24 3/4 3/12 3/25 5/7 10/30 11/18 12/1 12/8 12/23 12/29   
 LPP 54 105 352 200 469 283 117 69 134 27 1    7 12 30 70   
 PEP 17 8 136 350 422 233 84 22 39 3  2 10 1   8 12   
2010  1/7 1/14 1/21 1/28 2/4 2/11 2/19 2/26 3/5 3/9 3/19 3/30 4/16 10/29 11/19 11/30 12/10 12/14 12/21 12/28 
 LPP 273 380 466 354 196 304 410 401 605 374 138 17 1  11 10 208 422 510 670 
 PEP 225 413 194 183 25 113 486 169 229 268 55   1 3 2 147 371 444 223 
2011  1/7 1/13 1/20 1/27 2/3 2/17 2/24 3/3 3/18 4/21 10/26 11/22 11/29 12/7 12/13 12/21 12/29    
 LPP 437 340 327 347 82 72 6 2 1   7 6 38 65 147 144    
 PEP 85 138 89 78 8 2    1 1  2 2 4 16 7    
2012  1/4 1/9 1/17 1/25 2/2 2/15 2/22 3/1 3/13 3/20 3/29 4/26 11/15 11/28 12/6 12/12 12/19 12/24   
 LPP 305 490 957 300 199 103 89 13 14 3 1 3 82 265 334 44 193 275   
 PEP 48 168 130 19 5 6 7  1  4  2 33 11 6  5   
2013  1/2 1/9 1/16 1/23 1/30 2/6 2/13 2/20 2/28 3/4 3/14 3/21 3/28        
 LPP 358 124 38 45 57 200 22 83 5 34 54 6 17        
 PEP 2 6 5 2 2 4  2 2 2 1 2 2        
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 The LPP zone count totals for surveys from 2004 – 2013 have a significantly 
different variation between years (p =0.0000115).  When comparing only standardized 
years (2008–2013), the variation is significantly different (p =0.000466).  Therefore, the 
variation remained significantly different but decreased after the flight pathway and 
frequency was standardized (Table 13).  
 
Table 13: Summary statistics for Fort Lauderdale Plant Zone 17 (LPP) count survey total 
by year. Variation by all years was significantly different (p =0.0000115).   
Year 
Number 
of 
Surveys Sum Mean Variance 
2004 5 164 32.80 2,074 
2005 4 153 38.25 3,204 
2006 10 697 69.70 5,323 
2007 11 347 31.55 3,581 
2008 16 1,658 103.63 9,237 
2009 15 1,930 128.67 19,478 
2010 19 5,750 302.63 40,934 
2011 15 2,021 134.73 22,976 
2012 18 3,670 203.89 56,031 
2013 19 1297 68.26 7,482 
 
 
 The PEP zone count totals for surveys from 2004–2013 have a significantly 
different variation between years (p =0.000000044).  When comparing only standardized 
years (2008–2013) the variation is highly significantly different (p =0.000000558) (Table 
14). 
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Table 14: Summary statistics for Port Everglades Zone 12 (PEP) count survey totals by 
year. Variation by all years was significantly different (p =0.000000044).   
Year 
Number 
of Surveys Sum Mean Variance 
2004 5 168 33.60 3,271 
2005 5 174 34.80 1,773 
2006 13 369 28.38 1,615 
2007 9 180 20.00 1,109 
2008 16 775 48.44 2,488 
2009 15 1,347 89.80 18,725 
2010 18 3,551 197.28 23,727 
2011 13 433 33.31 2,188 
2012 14 445 31.79 2,696 
2013 15 40 2.67 2 
 
A One-way ANOVA was conducted to compare effect of manatee season 
(November 15–March 31) on the number of manatees counted in LPP. Yearly count 
means from flights during manatee season (November 15–March 31) were statistically 
significant for the LPP zone (p =0.0127) (Table 15).  
 
Table 15: Summary statistics for Fort Lauderdale Plant Zone 17 (LPP) survey count 
totals for surveys during manatee season months. Variation by all manatee season years 
was significantly different (p =0.0127). 
Winter 
Seasons 
Number 
of 
Surveys Sum Mean Variance 
2005-06 8 634 79.25 6,097 
2006-07 7 371 53 5,012 
2007-08 15 932 62.13 7,771 
2008-09 16 2,596 162.25 15,907 
2009-10 16 4,037 252.32 35,585 
2010-11 15 3,445 229.67 48,945 
2011-12 17 2,881 169.47 59,833 
2012-13 19 2,236 117.68 13,457 
 
 A One-way ANOVA was conducted to compare effect of Manatee season on the 
number of manatees counted in PEP. Yearly count means during manatee season only 
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(November 15–March 31) were statistically significant for the PEP zone (p =0.0000146) 
(Table 16).  
 
Table 16: Summary statistics for Port Everglades Zone 12 (PEP) survey count totals for 
surveys during manatee season months. Variation by all manatee season years was 
significantly different (p =0.0000146). 
Winter 
Seasons 
Number 
of 
Surveys Sum Mean Variance 
2005-06 9 388 43.11 1,817 
2006-07 5 177 35.40 1,623 
2007-08 14 315 22.50 783 
2008-09 15 1,793 119.53 16,155 
2009-10 14 2,381 170.07 22,541 
2010-11 12 1,590 132.50 21,436 
2011-12 14 419 29.93 2,747 
2012-13 17 89 5.24 57 
 
 
 The 2004 comparison of the two plant’s mean survey counts yielded similar 
results, 2005 showed a slight difference; all other years showed higher variance (Table 
17, Figure 19).  The total variance is significantly different (p =0.052919). When 
comparing only the standardized years (2008–2013), the variance decreases (p =0.18715) 
and is not significantly different.  The standardization of the flight path, frequency of 
flights, and seasonality of flight date correlates to less variability in the estimated counts.  
 
Table 17: Mean counts for the PEP and LPP zones for each year. For all years (2004-
2013) p =0.058. Standardized years only (2008–2013) p =0.187. 
 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 
LPP 32.8 38.25 69.7 31.54 103.63 128.67 302.63 134.73 203.89 68.26 
PEP 33.6 34.8 28.38 20 48.44 89.8 197.28 33.31 31.79 2.67 
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Figure 19: Mean count for LPP versus PEP zones during each year. Variation in mean 
counts increased from 2006-2013, with 2004 & 2005 years being more similar.  
 
 
 The total variance is not significantly different (p =0.05813) when comparing 
LPP and PEP manatee season (Table 18, Figure 20). When comparing only the 
standardized years (2008-2013), the variance remains similar (p =0.05904). When 
looking at manatee seasons, there is a slightly significant difference result post 
standardization.  
 
Table 18: Mean counts for LPP and PEP zones for each manatee season. Variances were 
not significantly different for all seasons (p =0.05813) or only standardized seasons 
(2007–2008 to 2012–2013) (p =0.05904). 
 
2005– 
2006 
2006– 
2007 
2007– 
2008 
2008– 
2009 
2009– 
2010 
2010– 
2011 
2011– 
2012 
2012- 
2013 
LPP 79.258 53.00 62.13 162.25 252.31 229.67 169.47 117.68 
PEP 43.11 35.40 22.50 119.53 170.07 132.50 29.93 5.24 
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Figure 20: Mean counts for LPP and PEP zones within manatee season months. Total 
variance across years was not significant (p =0.05813). 
 
 
Overall, the means are not significantly different across plants over years.  
Deutsch et al. (2003) postulated that the two Broward County plants are not significantly 
different and therefore should be analyzed together as a numerical distribution for the 
county.  However, Grissett (2014) calculated a significant difference between PEP and 
LPP aerial counts for the 2013–2014 manatee season during PEEC construction.  
Looking at PEP numbers alone, there is an increase in counts during the 2008–
2011 years.  Comparing these three years to the other seven shows a statistically 
significant increase in count numbers (p =0.014).  
Comparing the pre-standardization period (2004–2007) to the post-
standardization period (2008–2013), the variance is significantly different for LPP (p 
=0.03085) and not PEP (p =0.31816).  2004 and 2005 showed similar counts between 
both plants with low variability.  Starting in 2006, LPP counts increased above PEP 
counts with the yearly maximum of LPP twice the PEP maximum in 2006 and 2007. In 
2008, the LPP maximum was three times the PEP maximum.  2009 resulted in similar 
maximum count highs during a cold year, and in 2010, both yearly plant maximums 
increased again.  In 2011, LPP again increased while PEP decreased. 2012 had the most 
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variability with LPP almost at 1,000 animals and PEP around 175. In 2013, the yearly 
maximum count of PEP was under 50 individuals.  Overall trends in maximum peak 
counts over each year were occurring almost simultaneously, although with LPP being 
higher during most years.  However, in the beginning of 2012, there was a marked 
separation/variability in count maximums.  During the 2012–2013 winter season, LPP 
counts peaked during cold events, while the PEP counts stayed almost negligible.  
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Figure 21: Total count comparison of the PEP and LPP zones for all surveys (2004–3/28/2013).  A comparative seasonal peak trend 
exists for both plants until the 2011–2012 wintering season when the LPP plant experienced a record high that was not reflected in the 
PEP zone counts.  The non-comparable trend continued through 2013.  
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Figure 22: Aerial Survey total adults and total calves from LPP zone for all years (2004–3/28/2013). January 17, 2012 was the highest 
recorded estimate (n=957) for this zone. Total Adults Counted =17,687. Total Calves Counted =1,151. 
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Figure 23: Aerial Survey total adults, and total calves from PEP (Zone 12) for all years (2004–3/28/2013). February 19, 2010 was the 
highest recorded estimate (n=486) for this zone. Total Adults Counted =7,482. Total Calves Counted =644. 
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Objective 3  
 
Walking counts versus aerial counts in PEP effluent canal: 
Correlations, ANOVA’s, and Mann-Whitney U tests were performed to compare 
aerially viewed distributions in PEP (Zone 12) to walking viewed counts in a sub-section 
of the PEP effluent canal to establish detection probability for shore based surveys.  
Walking count data were available from 2005–2010 for manatee season months. Walking 
surveys were not conducted out of manatee season months. During this time, counts were 
conducted on the same day by both survey methods 19 times (1/26/2006, 2/9/2006, 
12/7/2006, 1/8/2008, 1/23/2008, 1/30/2008, 2/20/2008, 3/13/2008, 12/3/2008, 
12/18/2008, 1/8/2009, 1/14/2009, 1/22/2009, 2/20/2009, 2/24/2009, 3/12/2009, 
1/14/2010, 2/11/2010, 2/26/2010).  No corresponding dates occurred in 2005 or 2007 or 
in the month of November.  
 For aerial versus walking surveys in the PEP effluent, the walking surveys had a 
one-fifth detection percentage of aerially counted manatees. This percentage remained 
consistent when comparing total manatees and the two sizes classes (Table 19). 
Moderately strong positive correlations between adults and juveniles (r=0.619), calves 
only (r=0.500), adults and calves (r=0.686), and total manatees counted by date (r=0.666) 
were calculated. 
 
Table 19: Percentage of manatees detected by aerial and walking surveys. Moderately 
strong positive correlations were shown between all demographic groups. 
 Method Sum 
% of 
Total r 
Total 
Count 
Aerial 1,593 80.37 0.666 
Walking 389 19.63 
     
Calves 
 only 
Aerial 136 81.00 0.500 
Walking 32 19.05 
   
  
Adults &  
Juveniles 
Aerial 1,457 80.32 0.619 
Walking 357 19.68 
 
    
The ANOVA results show a significant difference for total (p=0.0098), calves 
only (p=0.0275), and adults and juveniles (p=0.0092) (Table 20). 
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Table 20: ANOVA results for aerially and walking viewed survey counts in the PEP 
(Zone 12) and effluent canal, respectively, on simultaneous survey dates. All three count 
types are significantly different based on p values. 
 Method n Sum Mean Variance df MS F p F crit 
Total 
Count 
Aerial 19 1,593 83.84 9,180 1 38,148 7.44 0.0098 4.11 
Walking 19 389 20.47 1,081 36 5131               
Calves 
 only 
Aerial 19 136 7.16 96 1 284.63 5.28 0.0275 4.11 
Walking 19 32 1.68 12 36 53.91    
           
Adults &  
Juveniles 
Aerial 19 1,457 76.68 7,542 1 31,842 7.57 0.0092 4.11 
Walking 19 357 18.79 871 36 4207    
 
The Mann-Whitney U test indicated that manatee count was greater for the aerial 
survey method than for the walking survey method.  The results showed there was a 
significant difference between the aerial and walking survey counts (Mann-Whitney U 
=91.5, n1 =19, n2 =19, p < 0.01) (Table 21, Figure 24). 
 
Table 21: Mann-Whitney U test analysis for total, calves, and adults plus juvenile counts 
of aerial and walking surveys. All three count types are statistically different based on α 
values. 
 
 
Method n 
Sum of 
Ranks U 
Critical 
Value 
 
α 
Total 
Count 
Aerial 19 459.5 91.5 93 0.01 
Walking 19 246 305   
       
Calves 
Only 
Aerial 19 440.5 110.5 113 0.05 
Walking 19 270.5 280.5   
       
Adults & 
Juveniles 
Aerial 19 460 91 93 0.01 
Walking 19 245.5 305.5   
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Figure 24: Aerial and survey manatee counts within the PEP effluent collected on the 
same survey date (n=19).  Surveys were statistically different for total counts (p=0.0098).  
Other Analyses   
 
A kernel density map shows the likelihood of manatee presence in a meter 
squared size cell.  Most Broward County waterways were classified between 0-0.001 
manatees per m2, and therefore not represented on the map (displayed with 100% 
transparency). LPP and PEP effluent areas both included the highest density classification 
ranges in the county.  The western boundaries of North Fork New River (Zone 8) and 
South Fork New River (Zone 10) both show a higher probability of manatee presence 
than other areas within the same zone, correlating to presence adjacent to salinity control 
locks. Two other higher presence areas exist on the direct travel corridor to LPP along the 
New River (Figure 25). 
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Figure 25: Kernel density map of all counted individuals (manatees per m2) from 2004-
2013. All other areas throughout Broward County had a classification from 0-0.0001, 
shown with a 100% transparent shading. The two refugia sites had the highest densities 
with the western boundary edges of the New River Junction (Zone 9), South Fork New 
River (Zone 8), and the North Fork New River (Zone 10) having higher densities than the 
rest of the county’s zones.  
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DISCUSSION 
 
 
Restraint should be used in classifying Broward County counts as all-inclusive, 
not only because of survey conditions and bias, but because not all waterways are or were 
surveyed, including some considered significant (Broward County, 2012).  Early survey 
data was excluded from this analysis due to a limited survey area and non-standardized 
technique.  Even surveys by FWC from 1988-90 excluded LPP, limiting comparative 
analysis on the two plants and important data that may have contributed to research.  
These first surveys were critical to understanding movements of the population, but 
should be considered with less importance due to the lack of area covered and, therefore, 
the reduced minimum estimation of the actual population usage of Broward County. 
 
Manatee overall distribution:   
Low mean distributions from April 1–November 14 (non-manatee season months) 
each year from two to seven manatees and the low total counts throughout surveyed years 
(n=355) correlate with the seasonal usage of the county’s waterways (Table 17).  Higher 
mean distributions during manatee season months, ranging from 48–397 manatees, and 
high total counts throughout surveyed years (n=29,948) further support seasonal usage 
(Table 16).  Non-manatee season counts were only 1.19% of the total counted for all 
surveys.  Based on the yearly non-manatee season means versus manatee season means, 
the primary usage of Broward County waterways by manatees is for warm-water 
associated winter refugia as a migratory destination.  No previous studies compared 
summer manatee counts in Broward County.  
 
Manatee survey counts across time: 
High monthly variability is related to manatee migrations to and from Broward 
County prompted by a difference in dependency on warm-water access, especially during 
colder months. High r2 relates to relatively similar counts in months, making for more 
reliable predictions of number of manatees entering Broward during that month, 
increasing the predictability for natural resource managers and conservationists. This 
study saw low r2 values for each month across surveyed years. 
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Demographic makeup of Broward County: 
 Abundance estimates of calves indicate strong philopatry to Broward County 
waters and implications for protected areas used more frequently by calves and their 
associated mothers.  Reynolds (2010) established the counts of calves at PEP were higher 
than other Florida power plants, at 7.2%.  This study found the mean percentage of adults 
(90.12%) to calves (9.88%) over all years suggesting a higher usage and site fidelity of 
Broward County by cow-calf pairs than other Florida aggregation sites. During statewide 
synoptic surveys, calves in Broward County comprised 19.76% of the total calves in the 
Atlantic subpopulation counted on the corresponding survey.  
The increased usage of calves in Broward County correlates to a higher incidence 
of perinatal mortality, especially in zones outside of power plant refugia (Appendix I). 
Comparisons of perinatal mortality associated with CSS-related deaths should be further 
studied; possibly to indicate female manatees with calves are choosing to leave the warm-
water refugia and disperse westward into Broward County’s extensive canal system for 
other environmental services, potentially freshwater access or unknown foraging habitat. 
 
Manatee distribution correlation to temperature: 
 Water temperatures during the study period were not available in exact travel 
corridors of manatees through Broward County waterways.  Research into databases held 
by governmental and non-profit agencies did not yield substantial results, especially for 
this project’s survey years.  While surface temperatures measured via temperature gun 
were collected during the walking surveys of PEP effluent, they were not analyzed in this 
study. Requests for ambient and effluent water temperature data for both PEP and LPP 
were ignored by FPL.  
Though water temperatures within the two power plant zones of Broward County 
were not collected for this study, past studies have correlated manatee distribution with 
abiotic factors.  Reynolds and Wilcox (1986) correlated ambient water temperatures with 
counts in PEP, but found no relation with ambient water or air temperature with counts in 
LPP.  This was probably due to the sporadic operation of LPP at the time and the regime 
shift of elevated preference of using PEP over LPP as refugia.  
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 Previous studies on Broward County manatee distribution with regards to 
temperature found no correlation to power plant effluent temperatures for PEP based on 
non-aerial survey distributions (Deutsch et al., 2003; Rappucci et al., 2012).  Grissett 
(2014) found a correlation between manatee presence and plant produced heated water in 
PEP for the 2013-2014 manatee season winter months.   
As manatees travel south to Broward County when cold fronts move into northern 
parts of the state, their primary survival objective is to leave detrimental weather 
conditions. Therefore, weather conditions up the eastern coast are the impetus for travel, 
independent of Broward County temperature conditions.  This is corroborated by Reid et 
al. (1991) and Deutsch et al. (2003), as satellite tagged individuals would stop in central 
Florida and continue further south as conditions there became colder.  Considerable 
variation in migration timing occurred by individuals that travelled to Broward County 
(Deutsch et al., 2003).  Stopover sites of Fort Pierce and Sebastian River were preferred 
after leaving PEP in the spring.  This weather-conditioned leap-frog behavior was termed 
the “stepping stone” pattern of migration by Reid et al. (1991). 
 
PEP versus LPP manatee choice: 
The PEP used to be considered one of the most important winter refugia for east 
coast manatees.  However, this study shows a regime shift in manatee choice and usage 
towards LPP. The shift is apparent during the 2011-2012 manatee season, however 
individual choice could have changed prior to this season.  While PEP continues to be 
used, due to the increasing numbers of manatees entering Broward County waters, LPP is 
now the preferred choice. Comparing the two plants, Reynolds (2010) stated that LPP 
was more attractive a refuge due to its larger and more protected area further supporting 
the regime change of manatee preference for one plant over the other.  
Both power plants should continue emergency planning to prepare for eventual 
shutdown scenarios since together they make up the most important travel destination for 
manatee winter survival on the east coast.  With the risk of terminal shutdown of PEEC 
now abated due to reconstruction efforts, managers should watch LPP for continued 
maintenance protocols as species reliance on this site has vastly increased over time.  The 
canals connecting LPP to the ICW will become more congested with manatee migratory 
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movements and with an increase in the growing population of Broward County, Florida 
and the boat traffic in its waterways.  Local marine law enforcement should focus efforts 
on strict enforcement of speed zone violations in these critical travel corridors especially 
during the days prior to and after cold fronts in northern latitudes.   
 
Aerial versus walking surveys comparison: 
Calculated detection probabilities have been previously suggested as a proxy for 
aerial surveys.  Past studies have confirmed the ability to produce an index for presence 
when combining aerial and walking surveys, and occasional satellite tagged animals. 
While consistent percentages of the total detected manatees in the effluent remained for 
aerial (80%) and walking (19%) surveys, the estimated undetected manatees present was 
not calculated to produce a true detection probability value.  
Statistically significant differences in aerial versus walking survey counts were 
confirmed for the PEP effluent canal.  Therefore, walking surveys in this zone do not 
serve as a proxy for total manatees within the effluent.   
 
Manatees utilizing ICW South (Zone 16) access to Miami-Dade County: 
Out of the 262 manatees counted in the ICW South, 102 and 40 were noted as 
travelling north and northwest or south, respectively.  If both counts are presumed to 
include manatees travelling from and to Miami-Dade County, then only 0.45% (142 of 
31,428) manatees counted in Broward County might be utilizing the seagrass beds of 
Biscayne Bay.  However, several past research studies assumed or proved movements 
from Broward County to Biscayne Bay.  Deutsch et al. (2003) noted that since seagrass 
quality in Broward County is low, manatees will travel towards central to southern 
Biscayne Bay for seagrass foraging.  Grissett (2014) stated similar results that a manatee 
tagged in PEP, with a preference to that plant, had site fidelity due to proximity to 
Biscayne Bay waterway access.  
The brown, tannin-stained waters of Broward County, consistent water movement 
due to boat traffic, dredging of canals, lack of shallow water bodies, and low acreage of 
undisturbed natural shoreline limit further colonization of submerged aquatic vegetation.  
Broward County (2012) states limited pockets of seagrass exist in the DCC, ICW, North 
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Fork New River, and some canals.  Marine Mammal Commission (1988) found manatees 
fed along the perimeters of the South Fork New River, North Fork New River, and DCC.  
Carson and Ackerman (2016) noted that sparse seagrass beds exist near the two inlets 
(Port Everglades and Hillsboro), while Sargent et al. (1995) showed only 1 acre of 
seagrass, the smallest acreage for a Florida county. 
The use of Biscayne Bay foraging grounds in Miami-Dade County by manatees 
that winter in Broward County (Marine Mammal Commission, 1988; Reynolds and 
Wilcox, 1994; Deutsch et al., 2003; Broward County, 2012; Rappucci et al., 2012; 
Grissett, 2014) could not be corroborated by this study.  Since aerial surveys are a 
snapshot of distribution and occur over only a few hours, this study suggests manatees 
may not travel to Miami-Dade County during the preferred survey hours and the 
southerly travelling manatee counts may be deflated.  Overall, statistical analysis of 
southern travel to Miami Dade County lacks in recorded counts of manatees migrating 
south to Biscayne Bay.  Percentages should be noted, but the assumptions from prior 
literature need to be further studied. A focus on satellite tagging manatees in Broward 
County will provide required data to further corroborate migration patterns, metabolic 
requirements, survival needs, and behavioral preference hypotheses.  
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CONCLUSIONS 
 
Including the recent data of changes to refugium zone preference, potential 
updates to protective measures should be recommended for future discussions on speed 
zone and signage throughout Broward County.  Based on the increase of manatees’ 
preference for FLP refuge, the need to reevaluate the New River travel corridor as an area 
of special concern for Broward County’s MPP should be considered.  
With the re-energization of the Riviera and Port Everglades power plants, the risk 
for retirement of these sites is non-existent, at least for the next several decades.  Manatee 
dependence and health requirements on these sites will continue while closures of other 
plants could impact the determined risk to hundreds or even thousands of Florida 
manatees (Laist and Reynolds, 2005).  The high counts of manatees migrating before and 
after cold fronts to the specific effluent canals of Broward County power plants shows a 
preference for these two warm-water refugia and not just southern waters.  These plants 
continue to be of the most important refugia across the state (Reynolds and Wilcox, 1994; 
Reynolds, 2014; Carson and Ackerman, 2016).  Dependence on both these specific plants 
furthers the need for continued production of warm-water effluent to provide refugia and 
steps to protect against shutdowns, especially during manatee season, should not be 
undervalued.  
Assumptions from previous studies that manatees utilizing Broward waterways 
for warm water refugia will travel to Biscayne Bay’s foraging grounds, need to be 
readdressed with future studies focusing on this hypothesis.  Past studies have assumed 
this corroboration, mainly due to the lack of seagrass acreage in Broward County and 
limited satellite data from individual manatees (Broward County, 2012; Carson and 
Ackerman, 2016).  However, Broward’s aerial counts show otherwise.  Manatees in 
Broward have been seen mouthing algae off seawalls and marine debris, eating mangrove 
propagules, crawling up embankments to reach low-hanging plants, and monopolizing on 
high-tide to reach leaves on low-hanging branches (author’s pers. obs.) which contributes 
to manatees as well-known generalist herbivores.   
Deutsch et al. (2003) stated that during cold weather manatees fast to spend 88% 
of their time in warm-water effluents. The speculation that manatees are opportunistically 
consuming anything available in Broward’s waterways, instead of fasting, as has been 
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assumed in the literature, is more probable. Lewis et al. (1984) witnessed various 
foraging on marine algae in Tampa Bay, an area of seagrass depletion similar to Broward 
County.  They concluded that areas with depleted seagrasses may increase importance for 
algae used as a supplementary food source.  Several studies have confirmed manatees’ 
opportunistic predatory behavior towards invertebrates (tunicates, gastropods, barnacles, 
crabs) and even small fish (Powell, 1978; Reynolds, 1981; O’Shea et al., 1991; Smith, 
1993; Courbis and Worthy, 2003).  More data, specifically satellite tagging data 
corroborated with witnessed active feeding, are needed to determine a conclusion on this 
hypothesis.  Tagging efforts should focus on identifying which individual manatees are 
residents in southeastern Florida (and do not migrate north) versus those individuals 
which utilize Broward County as the most southern habitat area to determine if separate 
foraging strategies are utilized by different migration groups.   
Based on county-wide abundance estimates, manatees’ preference of the survey 
area characterizes it as a critical habitat during cold winter months.  Broward County 
should be defined as an essential refugium for the species, and especially the Atlantic 
subpopulation, as Broward County’s warm-water refugium sites are linked to high site 
fidelity.  With manatees’ low thermal conductance and incidence of hypothermia-related 
mortality, it is not coincidental that manatees learn and return to known warm-water 
refugia.  This fidelity is further strengthened over time by calves mimicking behaviors of 
their mothers.  
An ultimate threat to long-term survival for manatees directly connects counts 
with habitat loss, whether by losses of warm-water refugia or seagrass die-offs.  Further 
inhibition to seagrass habitat in Broward County will continue with increased 
anthropogenic habitat alteration through development, increased prop scarring due to 
shallow water boat operation, water turbidity, and channel dredging.  Through the next 20 
years, Broward County plans to continue its waterway construction by dredging Port 
Everglades for expansion, with planned impacts to multiple seagrass species and 
mitigation projects due to removal, turbidity, and sedimentation.  Underwater noise, 
including ambient biological and human-produced vessel noise, has been proven to be 
inaudible to manatees within 2.5 miles of benthic dredging operations (Gerstein, et al., 
2006).  As manatees’ experience noise detection challenges due to dredging projects, the 
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potential for behavioral changes and usage of Broward County waterways is expected.  
Data from local distribution surveys are critical to inform decisions on coastal and in-
water development, their permits, and associated regulations. In-water construction 
projects should be timed outside of manatee seasonal dependence on Broward County 
waterways to decrease opportunities for negative associations, especially when the Port 
Everglades dredging project will occur adjacent to a critical habitat area and in a known 
travel corridor.  
With Brevard and Palm Beach counties being important stopover sites during 
northern and southern seasonal migrations, east coast seagrass habitat needs critical 
protection.  Currently, only seagrasses within state defined and protected Aquatic 
Preserves are protected by state law (F.S. 253.04(3)(a)), while the federal Endangered 
Species Act protects Johnson’s seagrass (Halophila johnsonii) within its limited range. 
Long-term surveys of protected species help inform local management strategies 
and actions to direct conservation efforts towards areas and ideas with possible high 
yield, especially when data are disseminated immediately to those traveling the same 
submerged habitats and waterways (Semeyn et al., 2011).  Effective and quick 
communication strategies to law enforcement marine patrol officers can affect manatee-
watercraft collisions and focus conservation resources.  The ability to accurately count 
manatee distributions associated with two critical warm-water refugia is important to 
completely understand regional manatee relative abundances.  Trends in count data 
provide county managers year-round species information to develop a comprehensive 
MPP and ensure the long-term protection of manatees and their habitats. Continued 
analyses of the county aerial survey database should inform conservation effort decisions 
for natural resource managers, coastal construction projects, and speed zone designation 
along with other potential impacts to localized manatee presence, distribution, and 
abundance.  
 On March 30, 2017, the U.S. Department of the Interior announced the 
reclassification of the West Indian Manatee from endangered to threatened.  This 
downlisting was based on increases in populations for the entire species and habitat 
protections throughout the United States and the Caribbean. Even though the species is 
no longer considered to be in danger of extinction, protections, regulations, and 
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conservation efforts are still required to maintain the current population status.  
Increasing use of manatee-dependent refugia will require extensive natural resource 
management, ecological research, and localized protectionary measures to diminish 
important challenges.  Threats to manatees’ population rebounding continue and are 
highly contingent upon proper examination of manatee movements, utilizations of 
habitat, and defining specific travel corridors, refugia, and foraging areas critical to their 
survival. Overall, population monitoring through aerial and other survey means remains 
the most important factor in capturing future population changes.  
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APPENDICES 
 
Appendix A: North Broward Zones: Hillsboro Canal Zone 1 (yellow), Hillsboro River 
Zone 2 (blue), Hillsboro Inlet Zone 3 (red). Palm Beach County line crosses Zone 2.  
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Appendix B: Central Broward: Cypress Creek Areas Zone 4 (yellow), ICW Central Part 
A Zone 5 (blue), ICW Central Part B Zone 6 (red).  
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Appendix C: Central Broward: Middle River Areas Zone 7 (yellow), Stranahan River and 
Canals Zone 11 (blue). 
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Appendix D: North Fork New River Zone 8 (yellow), New River Junction Zone 9 (blue), 
South Fork New River Zone 10 (red) – a designated “Area of Special Concern” (Broward 
County, 2012).  
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Appendix E: Port Everglades Zone 12 (yellow) which includes the defined Manatee 
Sanctuary encompassing the PEP effluent canal and mangrove habitat (light blue). Two 
bridges run over the effluent canal. 
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Appendix F: DCC East Zone 13 (yellow), DCC Middle/ C-10 Canal Zone 14 (red), DCC West Zone 15 (blue). Zone 13 is a primary 
travel corridor, while zones 14 and 15 are considered “Areas of Special Concern” (Broward County, 2012).
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Appendix G: South Broward: South ICW Zone 16 leading to Miami-Dade County (red).  
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Appendix H: Broward Central: Lauderdale Power Plant Zone 17. The entire extent of this 
zone has a Manatee Sanctuary designation. Note the narrow northern access point 
through a marina to enter the sanctuary.  
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Appendix I: Manatee mortality locations by category in Broward County from 4/1974-
3/28/2013. High concentrations exist in the two power plant zones - ‘undetermined’ 
within LPP zone and ‘watercraft collision’ in PEP zone. Broward County border in red. 
Data displayed with Google Earth.  
 
 
 
